We have determined the nucleotide sequence of two genes in the unique short region of the genome of pseudorabies virus (PRV). Near the internal repeat, upstream of the gene encoding glycoprotein gX, we identified an open reading frame (ORF) encoding a protein of 390 amino acids. We designated this gene PK because the predicted protein contains most of the conserved motifs of a eukaryotic protein kinase. The protein shares amino acid homology with the protein kinases encoded by gene US3 of herpes simplex virus type 1 (HSV-1) and gene 66 of varicella-zoster virus. Near the terminal repeat, downstream of a gene encoding an l lK protein, we identified an ORF encoding a protein of 256 amino acids. We designated this gene 28K, the Mr of the predicted protein. Part of the amino acid sequence of 28K is homologous to the predicted US2 protein of HSV-1. Northern blot analysis revealed a 2.7 kb mRNA encoding the putative protein kinase and a 1.2 kb mRNA encoding the 28K protein in PRV-infected cells. The 5' ends of the mRNAs were mapped by primer extension. Two transcriptional start sites were identified for the PK mRNA: a minor start site immediately upstream of the ORF and a major start site (>95% of the mRNA) within the ORF, 64 nucleotides upstream of an internal ATG codon. A single transcriptional start site was identified for the 28K mRNA immediately upstream of the ORF. Immunoblot analysis with anti-peptide sera revealed that, in cells infected with PRV, the PK gene was translated into two proteins with Mrs of 53K and 41 K, and the 28K gene into a single protein with an Mr of 28K.
Introduction
Pseudorabies virus (PRV) is an alphaherpesvirus that causes Aujeszky's disease in swine (Baskerville et al., 1973) . The genome of PRV is a linear dsDNA molecule of 150 kbp (Rubenstein & Kaplan, 1975 ) that consists of a unique short region (Us) flanked by inverted repeats and a unique long region (Ben-Porat et al., 1979) . The nucleotide sequence of the BamH]-7 fragment in the Us of PRV is the largest unit of contiguous sequences so far reported for the PRV genome. This region of 6.6 kbp contains five genes encoding the glycoproteins gX (Rea et al., 1985) , gp50 (Petrovskis et al., 1986a) , gp63 and gl (Petrovskis et al., 1986b) as well as a protein with a predicted Mr of IlK (Petrovskis & Post, 1987) . These glycoproteins have all been identified in cells infected with PRV. The existence of the 11K protein in infected cells has not yet been demonstrated,
The genomic organization of the Us of PRV resembles that of the Us of human herpes simplex virus type 1 (HSV-1), the prototype of the alphaherpesviruses. Comparison of the PRV and HSV-1 protein sequences reveals homology between PRV gp50 and HSV-1 gD (US6) (Petrovskis et al., 1986a) , between PRV gp63 and HSV-1 gl (US7), between PRV gl and HSV-1 gE (US8) (Petrovskis et al., 1986b) , and between PRV 11K and HSV-1 US9 (Petrovskis & Post, 1987) . Only PRV gX has no homologue in the Us of HSV-1 (Rea et al., 1985) . Part ofgX, however, is homologous to glycoprotein gG (US4) of herpes simplex virus type 2 (HSV-2) (McGeoch et al., 1987) . The homologous region is limited to the portion of HSV-2 gG which is absent in the equivalent, but much smaller, gG of HSV-1. Some PRV proteins also have homologues in varicella-zoster virus (VZV), another alphaherpesvirus that affects humans. PRV gp63 is homologous to VZV gplV (gene 67), PRV gl is homologous to VZV gpl (gene 68) (Petrovskis et al., 1986b) , and PRV IlK is homologous to the protein encoded by VZV gene 65 (Petrovskis & Post, 1987) .
To identify other genes in the U s of PRV, we determined the DNA sequence of the regions between the cluster of genes in and the inverted repeats. Upstream of the gX gene, we identified a gene encoding a protein with homology to the protein kinases encoded 0000-9437 © 1990 SGM (1985) and that of 11K is from Petrovskis & Post (1987 
Methods
Cells and viruses. The origin of PRV strain NIA-3 has been described (Baskerville et al., 1973) . SK-6 cells (Kasza et al., 1972) were used for the propagation of virus and the preparation of cell lysates, and BHK cells were used for the isolation of viral RNA. Cells were grown in Dulbecco's modified Eagle's medium supplemented with 5% foetal bovine serum.
DNA sequencing. Subclones of plasmid pN3HB, which carries the 27 kbp HindlII-B fragment of PRV strain NIA-3 (Quint et al., 1987) , were made according to standard techniques (Maniatis et al., 1982) . DNA sequencing was performed with the dideoxynucleotide chain termination method (Sanger et al., 1980) . In all reactions dGTP was substituted by 7-Deaza-2' dGTP (Boehringer Mannheim). The Klenow fragment of Escherichia coli DNA polymerase I was purchased from Boehringer Mannheim. DNA reaction products were separated on 4-5% and 6% polyacrylamide gels containing 8 M-urea at 55 °C, with the Macrophor electrophoresis unit (LKB Instruments). DNA sequences were determined on both strands. The sequence data were analysed with the sequence analysis software package of the University of Wisconsin Genetics Computer Group (Devereux et al., 1984) .
Preparation of RNA. Cytoplasmic RNA was prepared from uninfected BHK cells or from cells infected with PRV at an m.o.i, of 10 p.f.u, per cell. Infected cells were harvested at 2 and 5 h after infection. Cells were washed twice with ice-cold phosphate-buffered saline (PBS) and lysed in 50 mM-Tris-HC1 pH 8.2, 140mM-NaC1, 2 mM-MgCI2, 5 mM-DTT, 0.5% Nonidet P°40, 0-5% sodium deoxycholate, 10 mM-ribonucleoside vanadyl complex (Biolabs) at a density of approximately 106.5 cells per ml. Lysates were clarified by centrifugation at 4000g for 5 min at 4°C. An equal volume of 2 × proteinase K buffer (100mM-Tris-HCl pH 7.2, 25 mM-EDTA, 300 mM-NaC1, 2% SDS, 0.5 mg/ml proteinase K) was added to the cytoplasmic fraction and incubated for 20 rain at 37 °C. The RNA was purified by two phenol-chloroform-isoamyl alcohol (25:24:1) extractions and precipitated with ethanol. Poly(A) + RNA (used for the primer extension experiments) was selected by oligo(dT)-cellulose chromatography.
Northern blot analysis. Fifteen ~tg samples of total cytoplasmic RNA prepared from cells infected with wild-type PRV (strain NIA-3) were denatured in 50% (v/v) formamide, 2.2~t-formaldehyde, 0.025 Msodium phosphate buffer pH 7.1, separated on 1% agarose-formaldehyde gels (Maniatis et aL, 1982) and transferred to nylon membranes. Blots were hybridized with a PK probe [pMZ48, a 786 bp EcoRV-XhoI fragment from the PK open reading frame (ORF) inserted into Ml3mpl8], a gX probe (pMZ14, a 591 bp BamHI-BstEII fragment from the gX ORF inserted in pEMBL18) and a 28K probe (priG17, a 565 bp MluI-SphI fragment from the 28K ORF inserted in M13mpl8) ( Fig. 1 ). Probes were 32p-labelled by nick-translation (pMZ14) or primer extension (pMZ48, priG 17). The blots were prehybridized and hybridized as described (Selten et al., 1985) and washed a final time in 0.1 x SSC, 0.1% SDS at 65 °C.
Printer extension. Primer extension experiments were performed on RNA prepared from uninfected and PRV-infected cells (5 h after infection) as described by Westaway et al. (1987) , except that poly(A) + RNA (2 gg per reaction) was used instead of total RNA. For the preparation of viral RNA the mutant PRV strain M202 was used. M202 contains a 2.05 kbp deletion in the Us encompassing the entire gl ORF as well as the 5" half of the 11K ORF. Two 29-mer synthetic oligonucleotides, complementary to PK mRNA (positions 338 to 366 in Fig. 3 ), were used as primers. Avian myeloblastosis virus reverse transcriptase was purchased from Seikagaku America. Primer extension products were analysed on a 0-2 mm thick 6% sequencing gel next to a 32p-labelled sequencing ladder.
Preparation of antisera against synthetic peptides. Two peptides, corresponding to amino acid residues RRPSADEILNFG of the predicted protein kinase and amino acid residues RRAADEDTPRQ of the predicted 28K protein, respectively, were synthesized on a Biosearch peptide synthesizer and coupled to bovine serum albumin as described (Bassiri et al., 1979) . Adult NZ rabbits were immunized by injection of 3 mg of conjugate in complete Freund's adjuvant both in the hind leg lymph nodes and intradermally at different sites in the back. Boosts, consisting of 3 mg of conjugate in incomplete Freund's adjuvant, were administered at days 24, 48, 72 and 96 by intradermal injection. Animals were bled 7 days after the last boost. The anti-PK serum A4 and the anti-28K serum E3 were used in this study.
Immunoblot analysis. Monolayers of 3 x 106 SK-6 cells were infected with wild-type PRV (NIA-3) and mutant strains Ml15 and Ml18 (derived from NIA-3) at an m.o.i, of 10 p.f.u. M115 contains a 1-3 kbp deletion in the U s encompassing the last 48 nucleotides of the gl ORF, the entire IlK ORF as well as the major part of the 28K ORF. MI18 carries an inactivated PK gene, due to the insertion of a 20-mer oligonucleotide, containing translational stop codons in all reading frames in the 5' part of the PK ORF (between nucleotides 457 and 458 in Fig. 2; N. de Wind, unpublished) . Infected ceils were harvested between 2 and 16 h after infection (as indicated in Fig. 6 ), washed twice with ice-cold PBS and lysed in PBS TDS (1% Triton X-100, 0.5% sodium deoxycholate, and 0.1% SDS in PBS). Lysates were frozen and thawed once, clarified by centrifugation at 10000 r.p.m, for 10 min at 4 °C in an Eppendorf table centrifuge and stored at -70 °C. Samples of lysates were incubated in SDS sample buffer (60 mM-Tris-HCl pH 6.8, 2% SDS, 10% glycerol, 15% 2-mercaptoethanol, 0-02% bromophenol blue) for 5 min at 100 °C and run on 12.5 % (PK blot) or 15 % (28K blot) SDS-polyacrylamide gels. To prepare the PK blot, 10 ~tl of the lysates of wild-type PRV-infected cells and 20 ~tl of the lysate of M 118-infected cells were loaded per lane. To prepare the 28K blot 20 ~tl of the lysates of wild-type PRV-infected and M ll5-infected cells were loaded per lane. Proteins were transferred to nitrocellulose filters by electroblotting overnight at 0.3 A in 192 mM-glycine, 25 mM-Tris-HCl pH 8-3, 20% methanol. Blots were incubated for 5 rain in TNT (10 mM-Tris-HC1 pH 7-4, 0-09% NaCI, 0-0I~ Tween-20) and for 60 rain in TNT containing 0-5~ non-fat dried milk and washed three times in TNT. Blots were then incubated for 30 rain in TNT-BSA (3% bovine serum albumin in TNT), for 2 h with antipeptide serum diluted 1 : 400 (serum A4) or 1:200 (serum E3) in TNT-BSA, and washed three times in TNT. Blots were incubated for 5 rain in TNT-BSA, for l h with alkaline phosphatase-conjugated goat anti-rabbit IgG (Promega) diluted 1:7500 in TNT-BSA and washed three times in TNT. Blots were then washed three times in alkaline phosphatase buffer (100 mM-NaC1, 100 mM-Tri~HC1 pH 9.5, 5 mM-MgC12) and stained by incubation with substrates NBT and BCIP (nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate) in alkaline phosphatase buffer, at concentrations recommended by the supplier (Promega Biotec), until protein bands became clearly visible. Fig. 1 shows a restriction map of the major part of the PRV genome (Quint et al., 1987) . The two regions of the Us of which the DNA sequence was determined are indicated. The DNA sequence of the left end of the Us is shown in Fig. 2 . The sequence starts at the junction between the internal repeat and the Us, and ends within the ORF encoding glycoprotein gX. An ORF of 1170 nucleotides that begins at position 163 was identified. From this ORF, a protein of 390 amino acids is predicted. This protein contains most of the characteristic motifs that are highly conserved in the catalytic domain of eukaryotic protein kinases (Hanks et al., 1988) , We therefore assume that this ORF encodes a protein kinase (PK),
Results

DNA sequence
The DNA sequence of the right end of the Us and part of the inverted repeat is shown in Fig. 3 . The sequence begins in the region corresponding to the 3' end of the 11K ORF and extends 600 bp into the inverted repeat. Downstream of the 11K gene we identified an ORF of 768 nucleotides which starts at position 232. This ORF encodes a protein of 256 amino acids. We refer to this ORF as 28K, the predicted Mr of the protein.
Northern blot analysis
Cytoplasmic RNA was isolated from BHK cells at 2 and 5 h after infection with PRV. RNA isolated from uninfected BHK cells served as a control. Northern blots of these RNAs were hybridized with a PK probe (pMZ48, Fig. 1 ), a gX probe (pMZ14, Fig. 1 ) and a 28K probe (priG17, Fig. 1 ) to identify mRNAs encoding PK and 28K. The single-stranded probe pMZ48 detected a PK-specific mRNA of 2.7 kb (Fig. 4a ). The level of PK mRNA increased fourfold from 2 to 5 h after infection. Given the length of the PK gene, the PK mRNA is larger than expected. As no polyadenylation signal (AATAAA) is located behind the PK gene ( Fig. 2) , we considered the possibility that the PK mRNA is terminated at the polyadenylation signal of gX and therefore overlaps the gX mRNA. Hybridization with a gX probe did reveal two mRNA species (Fig. 4b ). The larger, 2.7 kb, species is at exactly the same position as the mRNA in Fig. 4 (a) and is therefore the PK mRNA. The smaller, 1.6 kb, species is the mRNA encoding the gX protein and its length corresponds with the length of the gX gene. The single-stranded 28K probe, priG17, hybridized to several mRNA species (Fig. 4c ), the smallest of which is probably the 28K mRNA. The length of this mRNA, 1.2 kb, corresponds with the length of the 28K gene and, moreover, probes from the region upstream of 28K hybridize with the larger mRNA species but not with the smallest one (data not shown). Probes from the inverted repeat region immediately downstream of 28K do not hybridize with any one of the mRNA species in Fig. 4 (c) (data not shown). The polyadenylation signal of 11K ( Fig. 3) is probably not always used, resulting in longer readthrough transcripts that are terminated at the polyadenylation signal of the 28K gene.
M L A H W R W V T K R S R L R R 0 H A H L
226 GGGGGAAATAAAGGAGTCCGGGGAATTTGTTCCTTATACCTTGCCGGGCTCAGCAGGGGGTTGTCGCGCGTCCAC 300 G G N K G V R G I C S 1 Y L A G L S R G L S R V H 301 GCCCAGCGCT CGCACGCAGCAACAATGGCCGACGCCGGAATCCCCGACGAGATCCTGT ACT CGGACAT CAGCGAC 375 A O R S H A A T MAD A G-T -P D-E-T T'~" S--D'I S 0 376 GACGAGATCATCATCGACGGCGACGGCGACGGCGACAGCAGCGGGGACGAGGACGACGAI GACGGGGGGCTGACG 450 0 E I I I 0 G 0 G 0 G D S S G D E 0 0 0 D G G L T 451 CGGCkGGCCGCG~CGCGCA~I CGCCAC~GACCTGGGCTTCGAGGTGCTGCAGCCCCTGCAGTCGGGC~CGGAGGGC 525 R Q A A S R I A T D L G F E V L Q P L Q $ G S E G 526 CGCGTCTTCGTGGCCCGCCGGCCCGGCGAGGCGGACACGGTGGTGCTGAAGGTGGGCCAGAAGCCCTCGACGCTG 600 R V F V A R R P G E A D T V V L 1( V G Q K P S T L 601 ATGGAGGGCATGCTGCTGAAGCGCCTGGCCCACGATAACGT CATGAGCCTGAAGCAGATGCT CGCCCGGGGCCCG 675 M E G M L L K R L A H D N V H S L K Q M L A R G P 676 GTGACGTGCOTGGTCCTGCCGCACTTTCGGTGCGAT CTGTACAGCTACCTGACCATGCGGGACGGGCCGCTGGAC 750 V T C L V L P H F R C 0 L Y S Y L T H R D G P L D 751 ATGCGCGACGCCGGGCGCGTGATCCGGTCCGTGCTCCGCGGGCTCGCCTACCTGCACGOGATGCGCATCATGCAC 825 N R D A 0 R V I R $ V L R G L A Y L H G M R I H H 826 CGCGACGTCAAGGCGGAGAACATCT TCCTCGAGGACGTGGACACGGT GT GC CTGGGGGACCT CGGGGCCGCGCGC 900 R 0 V K A E N I F L E D V D T V C L G D L 0 A A R 901 TGCAACGTGGCGGCGCCCAACTTTTACGGGCTCGCCGGGACCATCGAGACCAACGCCCCCGAGGTGCTCGCGCGC 975 C N V A A P N F Y G L A G T I E T N A P E V L A R 976 GACCGCTACGACACCAAGGTCGACGT CTGGGGCGCGGGGGTGGTGCT CTT CGAGACGCTGGCCTACCCCAAGACG 1050 O R Y D T K V 0 V W G A G V V L F E T L A Y P K T 1051 AT CGCCGGCGGGGACGAGCCCGCGATCAACGGGGAGATGCACCTGAT CGAC CT CAT CC GCGCCC' I CGGGGT GCAC t125 I A G G 0 E P A I N G E H H L I D L ~ R A L G V H 1126 CCCGAGGAGTTCCCGCCOGACACGCGCCTCCGGAGCGAGTTCGTCCGGTACGCCGGGACCCACCOCCAGCCGTAC 1200 P E E F P P O T R L R S E F V R Y A 0 T H R Q P Y 1201 ACGCAGTACGCGCGCGTGGCTCGCCTCGGGCTGCCCGAGACGGGGGCTTTCCTGATTTACAAGATGTTGACGTTT 1275 T Q Y A R V A R L G L P E T G A F L I Y K M L T F 1276 GATCCCGTCCGCCGCCCTTCCGCTGATGAGATACTCAACTTTGGAATGTGGACCGTATAAAACGGCCCGGCTCCG 1350 D P V R R P S A D E I L N F G M W T V * 1351 AGCGGTAGGACACACACACCTTTGOGCATCTCCACAGCTCAACAATGAAGTGG 1403 H g W
Mapping of the 5' ends of the PK and 28K mRNAs
Primer extensions were performed to map the start sites of the mRNAs encoding PK and 28K. The positions of the primers used are shown in Fig. 2 and 3 . The primers were annealed to poly(A) + RNA prepared from uninfected and infected cells. We have identified two transcriptional start sites for the PK mRNA. A minor fraction (< 5 %) of the extension products (Fig. 5, lane 2) was 268 nucleotides long, which places a minor start site 64 nucleotides upstream of the ORF of PK. This start site is indicated by an arrow at position 99 in the sequence in Fig. 2. Greater than 95% of the extension products were  106, 107 and 109 nucleotides long (Fig. 5, lane 2) , which places the predominant start site of the PK mRNA at positions 261,260 and 258 (indicated by a bold arrow in Fig. 2) . This start site is within the ORF of PK, 64, 65 and 67 nucleotides upstream of an internal ATG codon.
We have found a single transcriptional start site for the 28K mRNA. The extension products of the 28K-specific primer were 193 to 196 nucleotides long (Fig. 5, lane 4) . The transcriptional start site is therefore 83 to 86 nucleotides upstream of the 28K ORF at positions 146 to 149 (indicated by an arrow in Fig. 3) .
Immunoblot analysis
Immunoblotting was employed to analyse the expression of the protein kinase and the 28K protein in infected cells (Fig. 6) . Blots, prepared with lysates of cells infected with PRV, were probed with anti-PK and anti-28K peptide sera raised in rabbits. Proteins reacting with the sera were visualized using alkaline phosphatase-conjugated goat anti-rabbit antibodies. The specificity of the antisera was examined using PRV mutants M1 t8 and Ml15. Ml18 contains an inactivated PK gene as the result of an in-frame insertion of a translational stop codon 295 nucleotides downstream of the translational start codon at position 163. M115 does not express the 28K protein as the result of a large deletion of the 28K ORF. The anti-PK serum reacted specifically with three proteins of Mr 33K, 41K and 53K respectively (Fig. 6a ). The expression of these proteins increased from 2 to 14 h after infection. In vitro transcription and translation experiments were performed to determine the translational start sites of these proteins (data not shown). SP6 R N A containing the entire PK O R F was translated predominantly into a 53K protein. SP6 R N A containing most of the PK O R F but lacking the two A T G codons located at the 5' end, was translated into a 41K protein.
The first A T G codon in this ORF is the codon at position 325, which is immediately downstream of the predominant transcriptional start site (Fig. 2) . The 53K protein is therefore probably initiated at one or both of the first two A T G codons, the 41K protein at the internal A T G codon. The 33K protein may be initiated at one of the ATG codons located further downstream of the internal A T G codon. This is unlikely, however, as the protein is not expressed by Ml18, despite the insertion of the translational stop codon not interrupting this part of the PK ORF in M l I 8 . Therefore the 33K protein is most likely a degradation product of the larger proteins. As expected the anti-28K serum reacted specifically with a protein with an Mr of 28K (Fig. 6b) . 1 and 3) and PRV-infected cells (lanes 2 and 4) harvested at 5 h after infection. A 29-mer primer complementary to the PK mRNA was used in lanes 1 and 2. A 29-mer primer complementary to the 28K mRNA was used in lanes 3 and 4. The sizes of the extended products (nucleotides) were deduced from a sequencing ladder (not shown).
Two Us region genes of pseudorabies virus
Discussion
In this report we present the nucleotide sequence of two genes in the U s of PRV that encode a protein kinase and a 28K protein. The PK gene is located upstream of the gene for glycoprotein gX, adjacent to the internal repeat (Fig. 1) . al., 1988) . Northern blot analysis revealed a PK mRNA of 2.7 kb in cells infected with PRV. The PK mRNA overlaps with the gX mRNA (1.6 kb) and is probably terminated at the same polyadenylation signal. This finding indicates that the transcriptional organization of the PK and gX genes resembles that of HSV-1, in which many families of overlapping mRNAs with unique 5' ends and common 3' ends are found Wagner, 1983) . Primer extensions were performed to map the 5' end of the PK mRNA. Two transcriptional start sites were identified: a minor start site (< 5 ~ of the mRNA) at position 99, which is 64 nucleotides upstream of the ORF (Fig. 2) and which is not preceded by a TATA consensus sequence, and a predominant transcriptional start site, which is mapped in the ORF around positiori 260 (Fig. 2) . Approximately 25 nucleotides upstream of this start site the sequence AAATAAA is located, which conforms to the TATA consensus sequence. An ATG codon is located 65 nucleotides downstream of this start site. This part of the ORF encodes a protein of 336 amino acids (predicted Mr of 37K). The first two ATG codons, as well as the internal ATG codon at position 325, have the correct context for a functional initiation site as defined by Kozak (1987) . Immunoblot analysis was performed to identify the proteins expressed from the PK gene. With a PK-specific antipeptide serum two proteins with Mrs of 41K and 53K were detected in cells infected with PRV. The 53K protein is probably initiated at one of the two ATG codons at the 5' end of the PK ORF, since in vitro transcription and translation of the entire PK ORF, but not of a truncated version lacking the first two ATG codons, yields a 53K protein (data not shown). The difference between the predicted Mr (41K) and the apparent Mr of this protein may be explained by unusual charge distribution in the N-terminal part of the protein, which can cause aberrant mobility in SDS gels. The 41K protein is probably initiated at the internal translational start codon at position 325 and is only slightly larger than predicted. The 53K protein is expressed at a lower level than the 41K protein, which is in agreement with our data on transcription initiation of the PK mRNAs. Mettenleiter et al. (1985) have performed hybrid selection experiments to identify gene products encoded by the Us. In vitro translation of PRV RNA that had been hybrid-selected with a fragment containing the gX gene and part of gp50 revealed four proteins with Mrs of 38K, 50K, 60K and 65K. The 38K and 60K proteins may be encoded by the PK ORF. Purves et al. (1987) have purified a 38K serine/threonine protein kinase from cells infected with PRV. This protein is probably the 41K protein we have identified. A 53K protein kinase has not been isolated in this study. The second gene identified within the Us encodes a protein of 256 amino acids and is located downstream of llK, adjacent to the terminal repeat ( Fig. 1) . We designated this gene 28K, the predicted Mr of the protein. The amino acid sequence contains no features that could provide clues as to its function. The 28K protein is apparently dispensable for productive viral infection because it has been deleted in the PRV vaccine strains Norden and Bartha (Petrovskis et al., 1986¢) . A 28K-specific mRNA of 1-2 kb was detected in PRV-infected cells. The 5' end of this mRNA was mapped 83 to 86 nucleotides upstream of the first potential translational initiation codon (Fig. 3) . The mRNA is probably terminated at the polyadenylation site of 28K, 46 nucleotides downstream of the translational stop codon. Immunoblot analysis with an anti-28K serum revealed a protein of Mr 28K in PRV-infected cells. Mettenleiter et al. (1985) have identified a protein of 27K by in vitro translation of PRV RNA that had been hybrid-selected with the right part of the BamHI-7 fragment. This protein may be encoded by the 28K gene.
Both the protein kinase and the 28K protein have homologues in other alphaherpesviruses. The PRV protein kinase is homologous to the protein kinases encoded by US3 of HSV-1 (McGeoch et al., 1985) and gene 66 of VZV (Davison, 1983; Davison & Scott, 1986 ). Fig. 7 shows an alignment of the protein sequences. The protein kinase encoded by US3 of HSV-1 has been purified from infected cells and has a substrate speci- Fig. 7 . Alignment of the amino acid sequences of PRV PK (390 amino acids), HSV-1 PK (481 amino acids) and VZV PK (393 amino acids) (Davison, 1983) . Dots indicate small gaps introduced in the sequence for the purpose of alignment. Amino acids that are conserved among all three protein kinases are shaded. Amino acids that are conserved in the catalytic domains of 34 of the 38 serine/ threonine protein kinases aligned by Hanks et al. (1988) are shown boxed underneath. Other serine/threonine protein kinase-specific residues shown underneath may be substituted by residues of similar structure. Structurally similar groupings used for this purpose are nonpolar chain R groups (M, L, I, V and C), aromatic or ring-containing R groups (F, Y, W and H), small R groups with near neutral polarity (A, G, S, T and P), acidic and uncharged polar R groups (D, E, N and Q) and basic polar R groups (K, R and H) as described by Hanks et al. (1988) . Asterisks mark residues which are not conserved in the protein kinase of PRV.
ficity similar to that of the protein kinase purified from PRV-infected cells Purves et al., 1986) . The 28K protein is homologous to the 32K protein encoded by US2 of HSV-1 (McGeoch et al., 1985) . A matrix plot of the two proteins shows that three regions of the proteins are homologous (Fig. 8a) . An alignment of these regions is depicted in Fig. 8(b) . No data are available on the function of the (predicted) 32K protein of HSV-1. Fig. 9 shows the genomic organization of the Us of PRV, which is 8702 bp long and has a G + C content of 72.5~. Seven genes have been mapped in this region: PK, gX (Rea et al., 1985) , gp50 (Petrovskis et al., 1986a) , gp63, gl (Petrovskis et al., 1986b) , l lK (Petrovskis & Post, 1987) and 28K. A comparison of the genomic organization of the PRV Us with the HSV-1 Us (12979 bp, 64.3~/o G + C) (McGeoch et aI., 1985) and the VZV Us (5232bp, 42.8~ G+C) (Davison, 1983; Davison & Scott, 1986 ) clearly shows that the PRV Us is more closely related to the HSV-1 Us than to the VZV Us. All but one of the PRV proteins have a bomologue in HSV-1 but only four also have a homologue in VZV ( Fig.  9) . A homologue cannot be found for PRV gX in the Us of either HSV-1 or VZV (Rea et al,, 1985) . Part of gX however is homologous to glycoprotein gG (US4) of HSV-2, which in turn is homologous to the much smaller gG (US4) of HSV-1 (McGeoch et al., 1987) . HSV-1 gG lacks the N-terminal part of HSV-2 gG to which the homology with PRV gX is confined. These data suggest an evolutionary relationship between PRV gX and (Petrovskis et al., 1986 a, b; Petrovskis & Post, 1987; Rea et al., 1987 ; this report) and genes in the Us of HSV-1 and VZV (Davison, 1983) . Arrows show the transcriptional direction of the genes. Thin lines connect proteins tb_at are homologous.
HSV-1 gG. The gene arrangement in the Us of the three viruses is not completely collinear ( Fig. 9 ). Whitton & Clements (1984) proposed that genes in the Us may have been deleted or moved during evolution as a result of contraction or expansion of the inverted repeats. The non-equivalent positions and opposite transcriptional directions of HSV-1 US9 and its VZV homologue, gene 65, which have been discussed by Davison & McGeoch (1986) , support this hypothesis. The different positions and transcriptional directions of PRV 28K and its HSV-1 homologue, US2, provide additional support for the model. We have also determined the sequence of 600 nucleotides of the inverted repeat region adjacent to the Us (Fig. 3 ). This region contains five identical direct repeats of 26 nucleotides and a partial copy of 24 nucleotides (positions 1454 to 1607 in Fig. 3 ). Sets of short directly repeated DNA sequences are a characteristic feature of HSV-1 (Davison & Wilkie, 1981; McGeoch et al., 1985 McGeoch et al., , 1986 McGeoch et al., , 1988 Murchie & McGeoch, 1982; Watson et at., 1981) and VZV (Davison & Scott, 1986) and are found throughout the viral genome. Another repeat unit has been identified in PRV adjacent to the 3' end of the glycoprotein gene glI (Simon et al., 1989) . The direct repeats we have found in PRV may account for the variability frequently observed in the size of the BamHI-10 and BamHI-12 fragments of different isolates.
